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ADH Alcohol dehydrogenase 
CD Circular dichroism 
CyL Cytochrome 
DEAE Diethylaminoethyl 
EDC l-Ethyl-3-(3-dimethylaminopropyl) carbodiimide 
EDTA Ethylenediamine-MA^,A'",A'^'-tetracetic acid 
ESR Electron spin resonance 
GDH Glucose dehydrogenase 
HAP Hydroxylapatite 
Hepes A^-(2-Hydroxyethyl)piperazine-A''-2-ethanesulphonic acid 
MDH Methanol dehydrogenase 
MNDH Methylamine dehydrogenase 
Mes 3-(N-Morpholino)ethanesulphonic acid 
Mops 3-(N-Morpholino)propanosulphonic acid 
Mox Methanol oxidation 
ORF Open reading frame 
P-6 lODG rapid gel filtration/desalting column 
PAGE Polyacrylamide gel electrophoresis 
PES Phenazine ethosulphate 
pi Isoelectric point 
PIP 2,6-dichlorophenolindophenol 
PQQ Pyrroloquinoline quinone 
PQQH' The semiquinone (free radical) form of pyrroloquinoline quinone 
PQQHj Pyrroloquinoline quinol 
PQQ-HjO The hydrated form of pyrroloquinoline quinone 
PTS Phosphotransferase system 
SDS Sodium dodecyl sulphate 
Sulpho-NHS Sulpho-N-hydroxysuccinimide 
TMB Z 3,3' ,5,5' -Tetramethy Ibenzidine 
TMPD N,7V,NW-tetramethyl-p-phenylenediamine hydrochloride 
Tris Tris(hydroxymethyl)aminoethane 
TPQ 3,4,6-trihydroxyphenylalanyl quinone, 6-hydroxydopa quinone or 
topaquinone 
TTQ Tryptophan tryptophyl quinone 39 
Fig. 1.18. Other possible mechanisms for the reaction of POO with substrate 77 
1(X) g (wet weight) of cell paste was used for each mutant. Detection of the inactive 
MDH was initially performed by SDS-PAGE gels stained with Coomassie blue. 
In both MoxC and MoxH strains, a protein corresponding in molecular weight 
to the a-subunit of MDH was detected in the non-binding fractions from the 
DEAE-Sepharose column. Since MDH does not normally bind to this column, it was 
assumed this protein was MDH. Fractions containing the putative MDH were pooled, 
concentrated and dialysed against the phosphate buffer used to equilibrate the next 
column in the purification procedure (hydroxylapatite; HAP). Following loading of the 
sample, this column was treated as described in Section 2.8. Unfortunately, no protein 
corresponding to the a-subunit of MDH were detected in fractions eluting from the 
HAP column with the linear gradient. Even when the column was washed with 1 M 
potassium phosphate buffer (pH 7.0) no protein corresponding to the a-subunit was 
detected. The non-binding fraction from this column was also checked for the presence 
of MDH but the result was negative. 
It is difficult to explain these observations. One possibility is that the MDH 
might have bound irreversibly to the HAP column; this is unlikely unless the protein 
was not in the usual conformation and hence had different binding characteristics. 
Alternatively, MDH was present but eluted from the HAP column too diluted to allow 
detection with Coomassie blue staining. A further possibility is that there was no MDH 
present in the cells in the first place. To test the first and third possibilities, crude cell 
extracts of the MoxC and MoxH mutants grown on methylamine in the presence of 
methanol were investigated using SDS and non-denaturing PAGE, and Western 
blotting; the results from these experiments are shown in the next section. 
The second possibility that the eluting MDH was too dilute to allow detection 
by Coomassie blue stained SDS gels was tested using two modifications to the 
purification procedure. Firstly, the DEAE-sepharose and HAP columns were connected 
in series; both columns were equilibrated initially with the normal 20 mM Tris-HCl 
buffer (pH 8.0) used for the DEAE-Sepharose column. After loading the cell free 
extract, the columns were washed with the same Tris-HCl buffer. When all 
non-binding fractions had washed off from the DEAE-Sepharose onto the 
hydroxylapatite, the columns were disconnected and then treated separately as 
described in Section 2.10. A trial run using a cell free extract from wild-type cells 
showed that, in this case, the MDH bound perfectly well to the HAP column under 
these conditions, with no apparent detrimental effect on the subsequently purified 
protein; this abbreviated procedure was often used to decrease the time taken in 80 
one cross-reactive band which had the same mobility as the lower band seen in the 
positive control lanes. Interestingly, the lane containing MDH purified from wild-type 
bacteria also showed the presence of the two cross-reactive bands, although the lower 
band was very feint. This shows that the cross-reactive band observed in the lanes for 
the MoxC and MoxH mutants is a component of MDH and not a contaminant present 
in the crude extracts. Since non-denaturing PAGE separates proteins on the basis of 
charge and size (SDS-PAGE separates proteins on the basis of size alone), it was not 
possible to get a direct estimation of the molecular weight of the two bands and hence 
identify their component(s). In an attempt to overcome this problem, 2-dimensional gel 
electrophoresis was performed using the Bio-Rad mini-Protean II 2-D module. In 2-D 
PAGE, the first dimension is normally run using iso-electric focussing, which separates 
proteins on the basis of charge, and the second dimension is typical SDS-PAGE. In 
this experiment, however, the first dimension was run using tube gels prepared for the 
non-denaturing procedure descibed in Section 2.16.C. This was done in order to 
maintain the same relative positions of the two cross-reactive bands. Following 
electrophoresis the gel was incubated in SDS-PAGE loading buffer for 30 min at room 
temperature and then laid along a very short stacking gel of a 13% SDS 
polyacrylamide gel. This second dimension was then electrophoresed as normal (20 
mA for 1 h; Section 2.16.c). Following electrophoresis, the gel was Western blotted 
and probed with anti-holo-MDH antibodies (to detect the a-subunit). Two cross-
reactive spots were detected in the blot of the 2-D PAGE gel probed with these 
antibodies. These spots corresponded to the two cross-reactive bands observed in the 
blot of the non-denaturing PAGE gel, and both had the same mobility as the a-subunit 
of MDH in SDS-PAGE (Fig. 3.2). A second gel was run, blotted and probed with 
antibodies raised specifically against the P-subunit (a gift from A. Avezoux of this 
department). However, the control of the crude extract of wild-type bacteria showed no 
reactivity, indicating that the antibody was too weak to use with crude extracts; a 
preliminary experiment with MDH purified from wild-type bacteria showed that the 
antibodies were able to detect the P-subunit. In the blots of the 2-D PAGE gel probed 
with anti-MDH-P antibodies, however, no cross-reactive spots were detected, in any of 
the gels run using crude extracts of wild-type bacteria, and the MoxC and MoxH 
mutants. 
These results show that both MoxC and MoxH synthesise at least the a-subunit 
of MDH as indicated by the Western blots probed with anti-holo-MDH antibodies. 
Furthermore, the MDH produced by these mutants is not in the typical o^Pz tetrameric 81 
Fig. 3.2, Diagrams of the Western blots of 2-D PAGE gels run using crude extracts of 
wild-type bacteria and the MoxC mutant 100 
Fig. 4.4. Dissociation of MDH as a function of pH Fig. 4.4. Dissociation of MDH as a function of pH 
MDHs were dissociated as described in Section 2.20.a. Purified enzyme (3 mg) was dissolved in 3 ml of deionized water and the pH carefully 
lowered to a value between 2.0 and 6.0 using 0.01 M HCl. After incubation at room temperature for 40 min the pH was raised to 7.5 by the 
addition of 450 pi of 500 mM potassium phosphate buffer (pH 7.5) and the volume made up to 4.5 ml. Total fluorescence measurements using 3.0 
ml of this solution were made at two wavelength pairs: 282 nm excitation/340 nm emission (to detect fluorescence due to tryptophan) and 365 nm 
excitation/470 nm emission (to detect fluorescence due to PQQ). For the enzyme from wild-type bacteria, a sample was removed and used in the ® 
standard dye-linked assay. Measurement of the activity of the MDHs from the mutant strains was not possible. 
(a), Wild-type MDH; (b), MoxA MDH; (c), MoxK MDH; (d), MoxL MDH. 
(®), fluorescence due to tryptophan residues measured at 280 nm excitation/340 nm emission (factor = 3). 
(#), fluorescence due to prosthetic group measured at 365 nm excitation/470 nm emission (factor = 300). 
(A), activity measured in the dye-linked assay. 
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Fig. 4.5. Dissociation of MDH at low pH as a function of rime 108 
Dissociation of MDH by guanidinium chloride as a function of rime 110 
Fig. 4.8. Dissociation of MDH as a function of urea concentration 112 
Fig. 4.9. Dissociation of MDH by urea as a function of time Percentage change in fluorescence o  Percentage change in fluorescence 
AijAjjoe Uj sBueqo aBejuaojad 
Percentage change in fluorescence s  Percentage change in fluorescence s: 
£11 130 
Fig. 4.18. The inhibition of wild-type MDH by cyclopropanol in sodium borate and 
tetrasodium pyrophosphate buffers, both at pH 9.0 145 
Fig- 5.5. Electron spin resonance spectra of wild-type and MoxA MDHs 331 332 333 334 335 336 
Magnetic field (nnT) 173 
was not due to the absence of a prosthetic group in the mutant MDHs. 
(d) The mutant MDHs were able to cross-link with cytochrome c-^ forming the 
same a-subunit/cytochrome complex as seen with wild-type MDH. This 
suggested that there was no conformational difference between the mutant and 
wild-type enzymes in the region of cytochrome Cl interaction. 
(e) Denaturation of the wild-type and mutant MDHs under a variety of conditions 
showed that the proteins unfolded at a rate similar to that for release of 
prosthetic group. This suggested that there was no gross conformational 
differences between the MDHs. 
(f) It was not possible to reconstitute active MDH by incubation of unfolded (by 
guanidinium chloride) MDH with an excess of PQQ. This suggested that MDH 
cannot self-assemble. 
(g) Absorption spectra of the mutant MDHs did not conform to any of those for 
the known redox forms of the wild-type enzyme. The spectra were altered in 
the region due to the prosthetic group and varied from batch to batch. This 
suggested that the prosthetic group in the mutant MDHs might be different 
from that in the wild-type enzyme. This suggestion was supported by the 
observation that the mutant MDHs could not react with cyclopropanol under 
oxidising conditions. 
(h) The absorption spectra varied with the nature of the buffer whereas the wild-
type enzyme was unaffected. Circular dichroism of the mutant MDHs revealed 
a difference in the region of the spectrum due to aromatic amino acid residues. 
These results suggested that the the prosthetic group in the mutant MDHs was 
bound differently from that in the wild-type enzyme. 
7.3. The prosthetic group in the MoxA, K and L mutant MDHs - Chapter 5 
(a) The prosthetic group was shown to be normal PQQ, in terms of spectral 
properties and reconstitution of apo-quinoproteins, and was present in the usual 
stoichiometry of 2 moles per tetramer. 
(b) Electron spin resonance (ESR) spectroscopy showed that, in wild-type MDH, 
some of the PQQ (about 28%) was in the semiquinone form. In the mutant 
MDHs, however, there was no detectable ESR signal. This suggested that the 
PQQ in these enzymes was either in the fully oxidised or fully reduced states. 
(c) HPLC analysis of the extracted prosthetic group from wild-type MDH showed Ca |i High ca* 
MoxA, K or L 
Active MDH 
o\ Fig. 2. A drawing showing the positions of the heavy atom binding sites of the four 
derivatives in the table I. A total of 10 sites occur in two sets (indicated by the 
primed and unprimed labels) related by a non-crystallographic two-fold symmetry 
axis shown by the short solid line. Sites Hgl, Hg2 and their symmetry equivalents 
are occupied by EMP, site Hg3 and its symmetry equivalent is occupied by PCMBS. 
Sites Ptl, Pt2 and their symmetry equivalents are occupied by both K^PtCL and 
KzPtCl^, but with different relative occupancies. The unpaired site in K2PtCl4 has 
not been shown above. 